Liquefied hydrocarbon mixtures with traceable composition are required in order to underpin measurements of the composition and other physical properties of LPG (liquefied petroleum gas), thus meeting the needs of an increasingly large European industrial market. NPL and VSL and recently demonstrated their capabilities for preparation and analysis of liquid hydrocarbons in Constant Pressure Cylinders (CPCs) in EURAMET 1195. [1] This comparison aims to assess the analytical capabilities of laboratories for measuring the composition of a Liquid Petroleum Gas (LPG) mixture when sampled in the liquid phase from a CPC. Each participant was asked to measure a different mixture prepared at NPL with a nominal composition as shown in A set of travelling standards were prepared at NPL with the nominal composition described in table 1. The calculation procedures of ISO 6142-1 [2] and ISO 19229 [3] have been followed to calculate the amount-of-substance fractions and associated standard uncertainties. These mixtures were prepared in constant pressure cylinders (CPCs) purchased from DCG Partnership Ltd and made by Welker Inc. All components were added from their pure parent counterparts either by direct addition or via an intermediate vessel. A purity analysis was carried out for all parent components using gas chromatography. The CPCs were pressurised using helium at approximately 20 bar, and homogenised using the gravimetric mixer within the CPC. The travelling standards were compared to NPL Primary Reference Standards (PSMs). These included gas mixtures prepared in high pressure cylinders (NG567, NG531 and NG532, table 4) and a liquid mixture prepared in a CPC (CPC38954R2, table 4). Measurements were performed within two days of preparing the travelling standards. A second set of measurements was carried out after a week to assess mixture stability. Two further measurements separated by at least a week, were performed after the travelling standards were returned by the participants. Table 4 Composition of PSMs used at NPL to verify the travelling standards and monitor stability.
Component

Standard gravimetric uncertainties are shown (k=1)
The purity analysis information for each of these components can be found in the appendix. The participating laboratories were instructed to ensure the correct over-pressure was applied to the mixture and that it was homogenised before measurement. The results of the analysis were requested with details of the measurement procedure and associated uncertainties for each component.
All participants used gas chromatography (GC) with a flame ionisation detector (GC-FID) calibrated with LPG mixtures prepared in-house in CPCs. NMIA also used a GC with a thermal conductivity detector (GC-TCD). Where, u(xi,a,prep) is the uncertainty in the amount of substance fraction from preparation and u(xi,a,ver) is the uncertainty from verification.
The composition of liquid hydrocarbon mixtures in constant pressure (piston) cylinders may vary with time due to propensity of the hydrocarbon components to transfer across the piston into the pressurising gas since the piston within a constant pressure cylinder does not create a perfect seal. In this comparison, the stability of each component was monitored (before and after distribution) and a correction made for any changes in composition. A linear squares fit in accordance with ISO 6143 [4] using a straight line as a calibration function, was carried out using XLgenline software for each component in each travelling standard before and after distribution. The KCRV has been calculated using:
Where xi,a,prep is the amount of substance fraction from preparation and xi,a,stab is a drift correction for each component determined from each regression at the time when it was analysed by each participant. .
The difference for each laboratory are presented in figure 1 .
Figure 1 Results for each laboratory
Supported CMC claims
The results of this key comparison can be used to support CMC claims for ethane, propane, propene, i-butane, n-butane, but-1-ene and i-pentane in the liquid phase in CPCs with a matrix of propane, nbutane or i-butane as a track C key comparison.
The support of CMC claims is described in more detail in the GAWG strategy for comparisons and CMC claims. [5] 5 
Analytical comparison methods
The LPG mixtures were connected to a GC system with a low dead-volume connector and a 1/16 th inch Silcosteel sample line with an NPL custom-designed flow restrictor, which were both purged thoroughly before use. A sample flow of approximately 15 ml/min was used and at least six repeat measurements were performed in all cases. The responses were recorded as peak area and the average peak area of the repeated measurement was calculated.
GC system
GC analysis was carried out using an Analytical Controls 'Hi-speed RGA' gas chromatography system (AC Analytical Controls, Rotterdam, The Netherlands) with six columns, six valves and three detectors -one flame ionisation detector (FID) and two thermal conductivity detectors (TCDs). Table 1 provides more details on the GC set up and methods parameters. 
Calibration standards
An LPG PSM (CPC 30974R3) of nominally the same composition as the comparison mixture was prepared in a 0.5 L Welker CPC.
Table 2 Composition of the LPG PSM (CPC 30974R3) used for analysis of the comparison mixture
The impurities present in the parent gases/liquids were quantified by GC-FID. The stated amount fractions are those calculated from the gravimetric preparation process. The standard uncertainties were calculated using the NPL Software GravCalc2 (following ISO 6142) by combination of the uncertainties from three sources: gravimetry, relative molar masses and purity analysis.
Evaluation of measurement uncertainty and coverage interval
The evaluation of measurement uncertainties is based on the statistical analysis of the repeated comparisons. For each of the analyses of the comparison mixture, the standard deviation was calculated from the repeated measurements comprising each analysis.
Table 3 Breakdown of uncertainties Final Results and Expanded Uncertainties
We estimate that there are a very large number of degrees of freedoms in these values. Therefore, we expand the standard uncertainties using a coverage factor of two to give expanded uncertainties with a 95% confidence interval. 
Calibration standards
Preparation of LPG calibration mixtures (liquid) was carried out by gravimety in constant pressure cylinders (floating piston cylinders, 2 dm 3 ). Every component was added directly from a conventional cylinder to a piston cylinder, except iso-pentane, which was transferred to the piston cylinder with a syringe. In the case of propane (major component) the cylinder was slightly heated during transferring in order to maintain enough vapour pressure.
Before and after addition of each component the piston cylinder was weighed accurately on RAYMOR HCE-25G balance against a tare cylinder. After filling the piston cylinders were pressurized with He to 2.0 MPa. Purity analysis of the parent substances was carried out by GC-FID, TCD 3 calibration standards were prepared in piston cylinders. Composition of calibration standards is shown in the tables 1-3. 
Instrumentation
The measurements were performed on GC system «Crystal-5000.2» (Chromatec, Russia) 
Measurement procedure
Before each analysis the cylinder with the LPG comparison mixture was homogenized by rotating through 180 about 10 times. Standards were manufactured by gravimetry using a Mettler XP32003L-EL mass comparator. The standards were manufactured in the following way: 1. The receiving CPC was evacuated on both sides of the piston 2. Each nominally pure hydrocarbon liquid was stored in individual CPCs. The CPCs were used to push the liquid into the receiving CPC. Liquids were added in the following order: isopentane, n-butane, butene, iso-butane, propylene, ethane, propane. 3. Weighing was performed before and after each addition. 4. CPCs were pressurised for use.
The impurities present in each nominally pure hydrocarbon were determined on a Varian 3800 GC. The pure liquids were tested by sampling the vapour phase and also by testing the liquids after they were transferred to CPCs. The GC used for purity assessment used a Varian Gasifier for sample introduction. The GC was equipped with two channels -a hydrocarbon channel using an alumina Plot Na2SO4 column with FID, and a second channel with molsieve and PDHID for measurement of hydrogen and air components. Purity measurements showed that hydrocarbon impurities were generally present at low levels and had little impact on the compositions of the LPG standards. However, nitrogen was detected in most of the liquids at various concentrations. Purity tables have been added at the end of this document.
Verification:
Early standards were made by a combination of loops and CPCs to transfer the hydrocarbon components into the CPCs. The procedure proved to be time-consuming and produced unreliable standards. Batches of LPG standards made by CPC addition were found to be consistent from batch to batch. For this comparison, two batches of standards (4 standards, then 3 extra standards) gave close agreement for the certification of the LPG sample. Traditional vapour standards were also manufactured. However, the agreement between vapour standards and liquid standards was poor due to different amounts of sample being introduced onto the GC systems. The GCs did not give linear responses due to overloading of the columns when liquid is sampled.
Instrumentation
Two GCs were used for the certification. Measurements 1-3 were obtained on a Bruker 456 GC 'configuration C' natural gas analyser. For LPG analysis, the GC uses a liquid sampling valve to introduce a volume of LPG onto an alumina PLOT KCL or Na2SO4 capillary column (50m x 0.53 µm) with FID detector. (Measurement 1 & 2: Al2O3 KCl. Measurement 3: Al2O3 Na2SO4) Measurements 4-5 were obtained on a Varian 3800 GC with TCD detector. A Varian gasifier (100°C heated regulator) was used to vaporise the liquid sample and standards. The vapour was then injected using a gas sampling valve with a 20 µL sample loop. Alumina PLOT KCL or Na2SO4 capillary columns were used (50m x 0.53 µm). (Measurement 4: Al2O3 Na2SO4; Measurement 5: Al2O3 KCl)
Analysis Procedure
All results were normalized to 100% to correct for any differences in sampling and for different permanent gas compositions.
The sample submitted for analysis had a number of impurities that eluted around 1-butene that were not present in the NMIA standards. These impurities may have introduced a slight bias into the measurement of that component.
Mixtures in CPCs were mixed every time they were connected to the GC for analysis. 
Uncertainty evaluation
The preparation uncertainty of the gas mixtures was calculated using the principles described in ISO 6142, 2001. The preparation uncertainty budget included contributions from:
 Gravimetry  Purity of gases  Molar mass Gravimetry was the dominant factor in the preparation uncertainty due to the resolution of the balance and the small mass additions.
The uncertainty for the certification incorporated uncertainties from preparation, instrument repeatability, and reproducibility (incorporating stability). The combined uncertainty was calculated by combining the different uncertainty components as the square root of the sum of squares. The expanded uncertainties were determined by multiplication of the standard uncertainty with a coverage factor equal to 2 (to give a 95% confidence interval). 
Calibration standards
All Primary Standard Mixtures (PSMs) for the measurements of liquid petroleum gas are compressed liquid mixtures prepared in 1 L constant pressure cylinders. The preparation was performed in accordance with ISO 6142-1 [1] .
Purity data of the parent liquids/gases
All raw materials have been checked for impurities in accordance with ISO 19229 [2] . The results of the purity analysis have been summarised in the tables in this section. In most cases, the liquid phase was sampled for the purity analysis. 
Verification measures
The calibration curves for the one the measurements (second) are given in tables 8 through 14. 
Instrumentation
The verification is carried out using an Agilent 6890N gas chromatograph equipped with a flame ionisation detector (GC/FID). The GC/FID is equipped with a liquid sampling valve (LSV) with a volume of 0.2 µL. The injection part of the GC is pressurised using helium up to a pressure of 35 bar. The vapour pressure of the mixtures to be analysed should be well below this pressure, because otherwise bubbles can be formed, leading to unrepresentative sampling. The splitter is set at a ratio 1:6. The carrier gas is helium. The GC is equipped with a stream selector and multi position valve. The column used is an aluplot, J&W Scientific 19095P-825, 50 m length, wide bore, 0.53 mm diameter, 15.0 µm film thickness.
Procedure
The piston cylinders where pressurized with helium up to 35 bar. Each measurement consisted of five injections of PSM's and three injections of the comparison mixture. It was needed to reduce the amount of injections up to three per measurement due to low amount of the liquid and high consumption of the flushing system of the measurement facility.
Uncertainty evaluation
The calibration curves where obtained in accordance with ISO 6143 [3] . As indicated, a straight line was used.
The value for amount of fraction (results) is obtained by reverse use of the calibration curve [4] . The associated uncertainty is obtained using the law of propagation of uncertainty.
To arrive at the final result, the results of the three measurements were averaged. The standard error of the mean was combined with the pooled uncertainty from evaluating the data. The expanded uncertainty was obtained by multiplying the standard uncertainty with a coverage factor of k = 2.
CCQM-K119 Liquefied Petroleum Gas (LPG)
• Laboratory name: KRISS , and BCPC003) were prepared in specialty (leak-free) constant pressure cylinders with a total internal volume of 700 mL. These cylinders are designed and patented by KRISS. These CPCs were designed by KRISS to eliminate potential gas leak between LPG mixtures and pressurizing gas. The other three KRISS PSMs (CPC001, CPC002, and CPC003) were prepared in commercially available constant pressure sample cylinders (Welker® CP2-1000GMAP) with a total internal volume of 1,000 mL.
Method of preparation
Before gravimetric preparation, leak tests were conducted for all KRISS CPCs used for this comparison. KRISS prepared all PSMs for the LPG components using a gravimetric technique based on the KRISS Standard Procedures (R-112-001-2012). The KRISS BCPCs and CPCs were cleaned 5 times by flushing with nitrogen and helium, respectively. During flushing, all cylinders were evacuated to 10-3 torr using a rotary pump and then further down to 10-7 torr using a turbo-molecular pump. Before preparation, purity analyses (both gas and liquid phases) were conducted for all components. The addition of each component of the LPG mixtures was conducted using the pressure difference between the cylinder containing the pure component and the receiving cylinder. The LPG components were filled in the order of increasing vapour pressure (iso-pentane, n-butane, 1-butene, iso-butane, propene, propane, and ethane). A direct filling method was used using a customized gas filling and liquid transfer device designed by KRISS to minimize potential liquid loss and gas leak during operation. The pure gas cylinders of n-butane, 1-butene, iso-butane, propane were heated during filling whereas the pure gas cylinders of iso-pentane, propene, and ethane were not. The liquid phase of iso-pentane from the pure iso-pentane cylinder was injected into the receiving cylinder using a glass syringe (8.2 mL for BCPC001).
Weighing data
The gravimetrically determined masses of the LPG components of the KRISS calibration standard (BCPC001) are presented as follows:
1.5. Purity data of the parent gases The impurities in the high-purity gas/liquid cylinders used for the preparation of all KRISS PSMs were analytically determined using GC-FID. Impurities and the uncertainties due to impurities were incorporated into gravimetric composition of the KRISS PSMs and the uncertainties of the gravimetric mole fractions of the LPG components in all KRISS PSMs. Gas phase analysis was applied to high-purity ethane cylinder. Liquid-phase analysis was applied to high-purity iso-pentane cylinder. Propane, propene, iso-butane, n-butane, but-1-ene were analyzed for both gas-and liquid-phases.
1.6. Verification measures Verification was conducted using internal consistency among all KRISS PSMs. The verification results were incorporated into the uncertainty evaluation. Gravimetric results of the KRISS PSMs were compared by GC analysis. The uncertainty of gravimetric preparation was included in the uncertainty budget. Experimental results indicate that unstable effects were not observed within 3 months for KRISS BCPCs. However, changes in mole fractions due probably to potential leak were observed for ethane and due to inconsistent sampling for iso-butane within 6 months for KRISS CPCs. Potential uncertainty due to these effects were not explicitly included to the uncertainty budget.
Instrumentation
Determination of mole fractions of LPG components was conducted using a GC-FID (Agilent 6890N). The chromatographic column used was HP-AL/KCL capillary with dimension of 50 m (length) x 320 µm (inner diameter) x 5.00 µm (thickness). The sample valve temperature was 100 oC. The column temperature was 110 o C. The total time for a single analysis took 15 min. The nominal volume of the sample loop was 100 µL. The carrier gas was pure N2 with a flow rate of 1.5 mL min -1 . The split mode was used at 70:1. The FID temperature was 250 o C. The retention time of ethane that appeared on the chromatogram first of major components of the LPG mixtures was approximately 4.8 min.
3. Procedure 3.1.Sampling method Before analysis, the NPL CPC38955 and all KRISS cylinders used for this comparison were rotated over 40 times for complete mixing. The pressure of helium to overpressurize the piston of the test cylinder (NPL CPC38955) was maintained over 10.3 bar by refilling helium once during analysis at KRISS and one more time just after analysis. The LPG mixtures in NPL CPC38955 and the KRISS calibration cylinder (BCPC001) were alternately connected to the GC-FID system through a 1/8-inch and 1/16-inch stainless steel sample loop (a total length of lines estimated about 2 m). Sample gas flow was maintained about 20 mL min-1 which was monitored using a bubble meter.
3.2.Calibration and value assignment method
Comparison measurements of the NPL sample cylinder (CPC38955) and the KRISS calibration cylinder (BCPC001) were conducted at the KRISS laboratory during 5 days (number of replicates) from June 30 through July 7, 2015. GC responses were obtained in triplicates on each measurement day. The overall procedures for calibration and value assignment are based on the KRISS Standard Procedure (R-112-004-2012). KRISS used a one-point calibration (direct comparison) method for the determination of the mole fractions (x) of the LPG components in the NPL sample cylinder (CPC38955). The responses were recorded as peak area and the average peak area of the repeated measurements was use for calculation of amount of mole fractions. The calibration cylinder of KRISS was BCP001. KRISS adopted a bracketing method (Test cylinder-Calibration cylinder-Test cylinder-Calibration cylinder) for value assignment. Results were obtained by direct comparison of GC-FID responses between the KRISS calibration cylinder (BCPC001) and the NPL sample cylinder (CPC38955) where drift compensation was taken into account. Most standard deviations for response peak areas for each day measurement were was less than 0.20 % except iso-pentane (less than 0.34%). During 5-day measurements, standard deviation (data reproducibility) of mole fraction of all LPG components in the NPL sample cylinder (CPC38955) was less than 0.10 % except isopentane (less than 0.22%). Consistency in gravimetric preparation and sampling of the KRISS calibration cylinder (BCPC001) and the other five KRISS PSMs (BCPC002, BCPC003, CPC001, CPC002, and CPC003) was verified by comparison of response factors from GC analysis. The uncertainty due to the factor of consistency in preparation (including gas/liquid filling) was quantified and incorporated into the uncertainty budget. 2) Combined standard uncertainty 3) Uncertainty budget KRISS used the GUM Workbench Pro (Version 2.3.6.141, Metrodata Gmbh) for uncertainty analysis. The uncertainty budgets for the LPG components were determined. The uncertainty budget for propane is just for example.
4) Measurand and expanded uncertainty for propane in the LPG mixtures xKRISS ± UKRISS = (70.5753 ± 0.5821) cmol mol -1 (k = 2) The uncertainties for all LPG components were calculated in the same manner. The same procedures were used to calculate uncertainty budgets of the other 6 components of the LPG mixtures.
